Keywords: Simulation HCM Discrete Events Traffic Flow Level of service This work investigates the congestion and traffic flow in a tool plaza, and proposes a methodology for the classification of highway flows and its service levels based on a combination of the Highway Capacity Manual -HCM and Discrete Events Simulation fundaments. The proposed mesoscopic simulation is used to analyze service levels of different physical and operational arrangements of a particular toll gate. The model considers speed functions, toll gate arrivals and departures, as well as events as possible accidents and track change functions when the vehicles arrive at the gate, and offers data for the HCM indexes, which produces the respective service levels. After the application of the model, the results showed the possibility of an operational gain in terms of time in queue, time of congestion and reduction of conflicts, in case the solution is implemented, assisting in decision making. Finally, conclusions are made based on the results of the simulation model.
Introduction
Urban traffic systems (UTS) are complex systems composed of vehicles, pedestrians, traffic lights, a traffic network structure and some other sub-systems such as Urban Traffic Management and Vehicle Generation. The large number of the vehicles provokes well known problems such as traffic jams, air and noise pollution, fuel consumption, and stress to drivers (Neri et al., 2010) . According to Moita and Almeida (2012) , when demand is high and the service is deficient, there are queues that virtually stagnate the system flow. Considering the described above, studies on traffic and transportation are gaining increasing importance in today's world, due to the impact they generate in the world economy, and in society as a whole. One of the most discussed topics involving these problems is the frequent traffic jams on the main streets in major urban centers, that worsen significantly the quality of population´s life in their surroundings, causing problems such as stress and physical and mental fatigue, which, in turn, impact directly on the productivity of firms, and consequently in its economical results. According to Chabrol et al. (2006) , the UTS main goal is to allow the users to achieve their trips in the network in a reasonable time and with a sufficient safety level. In order to achieve their objectives, urban managers have two alternatives: to maintain the global level of performance whatever local jam situations, or to enhance the performance of the system in order to reduce the travel time, the number of jams.
In view of the above, this study aims to contribute to such analysis through the elaboration of a mesoscopic simulation model of discreet events based on the traffic flow theory and on empirical studies developed in the last decades and described in the Highway Capacity Manual -HCM (HCM, 2000) , adapting its fundaments to the vehicle flow optimization at a toll gate, in order to enhance the performance of the system, raising the level of service to clients. This simulation consists in testing scenarios contemplating possible operational and civil engineering alterations at the toll plaza and analyzing the results, aiming to offer subsidies to decisions makers to provide the best physical arrangement for the plaza.
This paper will present a mesoscopic simulation model of discreet events based on the traffic flow theory. The remainder of this article is organized as follows: Section 1 the literature on modelling and simulation in urban traffic systems; Section 2 describes the model developed; Section 3 presents the results of the simulation; Finally, some concluding remarks are given.
Modelling and simulation in urban traffic systems
Knowledge of fundamental traffic flow characteristics and associated analytical techniques is an essential requirement in the planning design and operation of transportation systems (May, 1990) . The researches on traffic flow models started with Lighthill and Whitham (1955) , when they presented a model based on the analogy between the vehicles of a traffic flow and the particles of a fluid. Since then, traffic flow mathematic descriptions have been researched and discussed between traffic engineers, resulting in a high number of models that describe different aspects of the traffic flow operations.
Considering the variety of developed models, it's necessary to classify them, in order to distinguish one from the other, and to select the one that best fits to the problem under study. These models might be classified according to their characteristics, whereby it should be turned clear that there is not only one theory for the traffic flow, but several, and that these are determined according to the desired approach. According to Hoogendoorn and Bovy (2001) , models might be ISSN 2238-1031 classified in: Scale of the independent variables (continuous, discrete, semi-discrete); Level of detail (submicroscopic, microscopic, mesoscopic, macroscopic); Representation of the processes (deterministic, stochastic); Operationalisation (analytical, simulation); Scale of application (networks, stretches, links, and intersections).
The model operationalization might be classified as analytical or as a simulation. In the analytical models, in which the solutions of the equation set that describe the traffic system are analytically obtained via calculations, the results for a certain traffic problem is searched in a more directly through numerical methods. In the simulation, however, successive traffic system exchanges are timely reproduced in the model, thus following its dynamics and providing us, as time elapses, with a continuous view of the system condition. Mentioned simulator characteristic is considered to be an advantage over the analytical models, as it renders more information on what is occurring in the system during the study. For Kelton et al. (2002) , simulation refers to a broad collection of methods and applications to mimic the behavior of real systems, usually on a computer with appropriate software. There are various traffic simulation applications, including evaluation of signal control strategies, analysis of equilibrium in dynamic assignment, analysis of corridor design alternatives, and testing new concepts.
Concerning the detail level, the main classification of traffic flow models are microscopic, macroscopic and mesoscopic. Microscopic assume that the behavior of an individual vehicle is a function of the traffic conditions in its environment. Although microscopic simulations usually keep track of each vehicle's destination, their assumptions are difficult to validate because humans' behavior in real traffic (not in contrived "car-following" experiments) is difficult to observe and measure (Daganzo, 1994) . Examples of microscopic models of traffic flows are Yang and Koutsopoulos (1996) , Ben-Akiva et al. (1994) , Simon an Nagel (1998) , Kosonen and Pursula (1991) , Liu et al. (2006) , Neri et al. (2010) , Zhao et al. (2010) and Felez et al. (2013) . Daganzo (1994) also says that macroscopic models are the ones which assume that the aggregate behavior of sets of vehicles, easier to observe and validate, depends on the traffic conditions in their environment. While not perfect, its shortcomings are well understood. It is justifiably and routinely used in traffic engineering analyses. Unfortunately, most macroscopic models do not differentiate their component flows by destination; each stream is treated as the flow of a single commodity. Macroscopic simulation models can be found ate the following papers: Lighthill and Whitham (1955) , Papageorgiou et al. (1990) , Sanwal et al. (1996) , McCrea and Moutari (2010) , Liu and Lu (2013) , and a review of the state of art of microscopic traffic flow modelling was made by Mohan and Ramadurai (2013) . Finaly, the mesoscopic modeling of traffic flow usually consists of a simplification of microscopic ones, capturing the essentials of the dynamics, combining microscopic aspects as individual vehicles, and macroscopic aspects, such as those concerning vehicle dynamics (Felez et al., 2013) . Some approaches in mesoscopic modelling were made by Jayakrisham et al. (1994) , De Palma and Marchal (1999), Mahut et al. (2003) , Olstam et al. (2008) and Toledo et al. (2010) .
The study model
The service level is a concept that uses qualitative measures to evaluate operational conditions. Although in the Highway Capacity Manual -HCM -it is well established levels for segment analysis using free flow concepts applied to highways, the same cannot be applied to toll plazas. Thus, what has been studied by several authors is the use of methodologies for the evaluation of services on toll plazas using the basic concepts proposed in the HCM. This is the main contribution of this work to research. Lin and Su (1994) used measures such as the average vehicles in line and the average time spent by the system to qualify tool plaza service levels. These indicators reflect efficiently the service quality and are easily perceived by the users. Table 1 illustrates the values suggested by Lin and Su (1994) for each service level. 
Structure of the simulation model
The model proposed here represents the traffic dynamics of a toll plaza through several logics, probabilities, decision trees and mathematic functions. The model it is able to verify the possible effects on the variables that indicate the toll plaza service quality, in order to study possible alterations in the physical configurations according to demand characteristics. The scheme below attempts to represent the main logic groups, which is described under the Figure 1 . The vehicle generation is supplied from a previously established demand, as well as by the exponential distribution for interval determination between arrivals. And all calculations are steadily performed via these entities that "run trough the model". The vehicle generation has also been determined through historical data that contemplate the period from February 2012 to January of 2013. Table 2 , presents the average values and the standard deviation for each business day of the week. Vehicles are classified as light (passenger cars) and heavy (trucks), as well as the time necessary to get throw a gate. There are two destinations to get throw the gates in the plaza and the utilization percentages of these vehicles according to its destinations are in Table 3 .
The condition of the road segment is represented at all moments by its density (K), or by the variables that arise of the relations with the mentioned condition (ex. crossing speed). Thus, it is primordial that the mentioned condition is always updated during the simulation. Hereby are used counters that captivate each event, the number of vehicles per type, being these events pondered by their equivalent values (HCM, 2000) , thus obtaining the equivalent density. Mentioned relation is represented by , where is Density (vehicle / Km); Vp is Flow (vehicle / hour); is Average Speed (Km / hour). Based on this equivalent density shall be defined the main model control variables, such as: 
The limits between flow regimes.
In this model three flow regimes are assumed (free, saturated and jammed), which are called standard capacity regimes and reduced capacity regimes. Through the relations established via HCM, together with some of its generalizations, as well as characteristic data of the studied segment, it is possible to identify the density limits that define for each vehicle that accesses the road, which speed function corresponding to the flow regime should be used. Such speed defines the segment crossing time in relation to its length. The Figure 2 below identifies the several regimes.
The e limits are the densities given by the density in the free limit (around 15 vehicles per km) and the density in the saturated limit (around 28 vehicles per kilometer) defined by vehicle flow functions VP and its average S speeds. Besides, the Free Flow Speeds -FFS (Free-Flow Speed) are also determined through the expression:
where is Base Free Flow Speed, which defines the basic average speed of a certain road type, from which the necessary adjustments are made so as to obtain its specific FFS. In case of urbane roads the HCM recommends 110 km/h.; LW is Lane Width -adjustment factor due to average trail width; LC is Lateral Clearance -adjustment factor due to berm width; N is Number of Lanes -adjustment factor due trail number; ID is Interchange Density -adjustment factor due access density. The density supplied by has been determined by two other factors: -density when the speed is equal to 0 (jamming speed), and the jamming speed for which in present study has been adopted the value of 20 Km/hour. The speed (S) in which each vehicle shall transit through the track, shall be defined from the functions established for each regime, as identified below:
Free Regime (0 < < ) >> S = FFS Saturated Regime ( < < ) >> Polynomial Function (defined previously) Jammed Regime ( < < ) >> Linear Function (defined previously) The vehicle excess was created to avoid extrapolating the segment capacity limits. Thus, once the maximum density limit ( ) that has been established according to the mentioned relations and segment state, each created vehicle proceeds to this module and waits for the segment absorption, which shall happen according to the vehicle exits, and consequently to density reduction. It should be observed that these follow a rule (First-in First-out -FIFO) regarding the segment access and that the line formed at this point functions as a reference for the jamming scope calculation following a "drive and stop" situation. On the exit side it has been envisaged to generate statistics that diagnosed the conditions met by each vehicle, such as: traffic condition found (service level), crossing time, line size, etc.). The statistic functions assigned to the arrival of vehicles and their respective attendance times in the cabins are represented under the table 4 below: The cabins were divided per manual cabins where exists money collection and "wave" cabins where the vehicles have automatic and prepaid toll cards.
Results
The purpose for the model created from the set of variables and flow regimes for simulating quality levels, led the study to predict impacts on the operational conditions for two toll gate layout situations (Figures 3 and 4) . As it can be seen in figure 5 , there are significant improvements in time and in traffic jam reduction along the rush hours of a regular week (from 16:00 to 21:00 hour). This reductions (up to almost 80% in time and conflicts), improved flow conditions raising quality service to a more appropriate level. 
Conclusion
This study has presented a methodology to predict traffic flow and operations in order to measure possible improvements on tool plazas, and achieved the objective to elaborate of a mesoscopic simulation model of discreet events based on the traffic flow theory and on empirical studies developed in the last decades and described in the Highway Capacity Manual -HCM (HCM, 2000) . The main conclusions that arise are the following: The elaborated models have corresponded perfectly to the reality that has been tried to represent. Homologations of the results were elaborated comparing the simulation models with the real data supplied by highway concessionaries in Brazil; A known methodology (HCM) has been incorporated to the simulation, which is supported by specific techniques used worldwide. Using HCM to a mesoscopic simulation of a tool plaza is innovative in literature when compared to previou studies. These techniques are strongly substantiated and are capable to analyze precisely the traffic dynamics on highways; and The model has been elaborated more specifically to be applied on specific sections of high performance highways (freeways). This might be considered a first step in the objective of having a model that integrates more sections (with different characteristics) and toll gates, and consequently their interactions. Also, this study opens up space to a microscopic simulation of tool plazas considering HCM methodology. As each vehicle has a different behavior on traffic, which impacts the congestion time, it should be interesting to analyze drivers separately, and also to include in this model de probability of accidents during lane changes and driving. It might be affirmed that the study rendered an important contribution for the area and decision makers, which is expressed among others by: Congestion reduction, Reduction of travelling times, Fuel and maintenance economy, Working idleness reduction, Reduction of polluting gas emissions and Improvement of users' humor and quality of life. 
